Abstract
Introduction

36
Top-down disturbances are essential for determining and maintaining the savanna biome 37 (Sankaran, Ratnam & Hanan, 2004; Bond, 2008) . In particular, fire and herbivory act to 38 maintain savanna systems in a state of disequilibrium where bioclimatic potential tree cover is 39 rarely attained (Sankaran et al., 2005; Staver, Archibald & Levin, 2011b) . However, other top- 40 down forces exist that may contribute to the co-dominance of trees and grasses in tropical termites and small rodents. Fire is an important disturbance at both sites and ambient fire return 117 time is approximately two years at Tiendéga and one year at Lakamané. However, we note 118 below that we imposed annual burns in our fire treatment plots. species (as identified by local knowledge) at each site. While species selection was not random, 137 our study better reflects reality by focusing on the tree species actually used for fuelwood. 138 Between the two plots we selected 20 individuals that were tagged at the base and given unique 139 identification numbers. We chose Deterium microcarpum Guill. And Perr. (n = 20 per treatment) 140 at Tiendéga and Combretum glutinosum Perr. (n = 20 per treatment) at Lakamané. Tree selection 141 was haphazard, but the sample reflected the size structure of the tree community at each site. We 142 only selected trees with diameters at the base greater or equal to 2 cm. 143 We simulated tree harvest under each combination of fire and herbivory (FH, fH, Fh, and 144 fh). Before harvesting the trees we took baseline measurements of basal diameter to develop 145 allometric relationships between those variables and biomass, and also to assess the relationship 146 between initial biomass and subsequent regrowth. Trees were cut at 10 cm from the soil surface 147 using bow saws. All tree biomass was removed from the site following harvest. Following initial biomass measures, all biomass associated with a harvested tree was collected and we separated 157 leaf and wood biomass to obtain wet weights. Sub-samples of wood were taken and dried at 100° 158 C to account for water-content contribution to wet weights taken in the field. Species-specific 159 dry:wet weight ratios were applied to all wet weights to convert to dry biomass. Data on wet 160 weight samples for Lakamané were damaged in a storm in 2013. Thus, for the 2013 data from 161 Lakamané we use a dry:wet weight ratio of 0.5 (near the value from 2011 of 0.52) and we 162 performed a sensitivity analysis to ensure our results are robust to changes in the dry:wet weight 163 ratio (see Supplemental Information). Importantly, the loss of this data does not impact our 164 statistical tests for treatment effects. 165 We used non-harvested trees in the no fire/no herbivory plots (fh) as controls to measure 166 annual wood growth in the absence of harvest or other disturbance. At each site we selected 20 167 trees distributed throughout the four fh plots that matched the species chosen for harvest. We 168 measured initial circumference and installed dendrometer bands to measure wood growth. We 169 measured dendrometer band change each year (2011 and 2013) during peak growing season.
170
Throughout the rest of the text we refer to these as "control trees."
Data analysis
173
To convert diameter and height measures to estimates of biomass we used allometric 174 relationships. We log-transformed the response variable (biomass) and the predictor variable 175 (diameter or height) because the data had a multiplicative error distribution (see Tredennick, 176 Bentley & Hanan, 2013). We compared candidate models using Akaike Information Criterion 177 (see Supplementary Information) We tested for treatment effects on post-harvest heights in 2013 using factorial ANOVA.
213
Height was log transformed to meet model assumptions. We also used logistic regression to 214 estimate the probability of a tree growing to a specific escape height three years after harvest as a 215 function of initial tree size. We focused on escape heights of 1, 2, and 3 meters because these reflect the range relevant to escaping the effects of fire and herbivory as reported elsewhere 217 (Bond & Midgley, 2001; Bond, 2008; Staver & Bond, 2014 
Results
223
Tree harvest depressed woody growth relative to that of non-harvested trees at both sites 224 ( Figure 2 ). On average, non-harvested trees had relative growth rates that were 6.9 times greater 225 than harvested trees in Tiendéga. In Lakamané, non-harvested trees had relative regrowth rates 5 226 times greater than harvested trees. Mortality of harvested trees was low (Table 1) . Percent 227 mortality did not differ among treatments, years, or sites.
228
Since we initiated annual fires, we know the fire treatments were effective. Herbivore interaction at both sites and in both years (Table 2) . While not statistically significant, the effect 235 of fire is stronger at both sites in 2013 relative to 2011 (Table 2) , giving some qualitative support 236 for our hypothesis that treatment effects would emerge over time. Given the lack of statistically 237 strong treatment effects we do not report effect sizes of herbivore and fire exclusion on tree 238 relative regrowth rates (but the magnitude of the effects can be visually interpreted in Figure 3 ). There were no significant treatment effects on tree height three years after harvest, but 247 average height was greater at Tiendéga than Lakamané (P = 0.012; Figure 4A ). Initial tree 248 biomass is a significant predictor of the probability that a tree will reach 2 and 3 meters three 249 years after harvest in Tiendéga (P = 0.004 and P = 0.023, respectively) and for 2 meters in In the case of the herbivore treatments, it could be that grazing by cattle has very little 267 impact, either through reduced grass competition or reduced fuel loads, on post harvest regrowth.
268
Other experiments have shown that the direct effect of browsers is much greater than the indirect 269 effects of grazers (Staver and Bond, 2014) . Thus, it is not surprising that at the grazer-dominated 270 mesic site (Tiendéga) we found no effect of herbivory, especially since our treatments only ran Thus, as we discuss below for the case of fire, harvested trees are able to regrow rapidly and 280 avoid disturbance impacts, unlike seedlings and saplings growing from seed.
281
The lack of an effect on rrgr or height by excluding fire, either in the presence or absence Therefore, even after three annual burns, for trees measured in 2013, we did not detect a fire 294 effect on regrowth (Table 2, Figure 4A ).
295
Most other work on savanna tree demographics has not considered the effect of tree rates than even the fastest growing "regular" saplings (those from seed or regrowth from 302 saplings). In our previous work we assumed equal growth rates among "new" and "harvested" 303 saplings (Tredennick & Hanan, In Press) . Clearly this assumption needs to be refined. To do so 304 will require comparative studies of sapling growth rates when grown from seed and across a size 305 spectrum at time of harvest.
306
Another surprising result is that biomass regrowth at the mesic site (Tiendéga) was not 307 consistently greater than at the arid site (Lakamané). In fact, in the first year after harvest, Our simulation test shows that a statistical difference (p < 0.1) between Lakamané regrowth 26 (pooled across treatments) and Tiendéga regrowth in 2013 occurs when the dry:wet weight ratio 27 is less than 0.65 ( Figure S1 ; open circles). For the comparison between years in Lakamané, a 28 significant difference occurs when the dry:wet ratio is less than 0.54 ( Figure S1 ; grey circles). 29 Thus, we are confident in our conclusion that regrowth rates between sites in 2013 are 30 statistically different, as reported in the main text. However, since the threshold for a significant 31 difference between years in Lakamané is very near the dry:wet weight ratio we use, we are less 32 confident in that result. Therefore, we do not report a significant difference between years in 33 Lakamané in the main text. 34 35 We note that all statistical tests other than the two listed above are unaffected by this particular 36 dry:wet weight ratio. where y is tree wood biomass, a is a normalizing constant, b is the scaling parameter, and D is 57 tree diameter (see Tredennick et al. 2013 for more details on allometric models in savannas and 58 the data used here).
60
We fit two competing models to the data: (1) Below are the details of the log-log allometric model fit in R. Y2 is wood biomass for each tree 71 and x is the diameter of each tree.
73
Call:
74 lm(formula = log(Y2) ~ log(x)) Figure S2 . Fitted regression of log(Biomass) ~ log(Diameter). The fitted line is the mean 93 prediction from the log-log regression described above. 
